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(54) IMPROVEMENTS RELATING 
TO PUMPING 



(57) A pump. e.g. for wave energy 
conversion, comprises a length of hose 
16 reinforced by atleast one 
inextensible raulti-filament strand, or 
parallel multi-filament strands, wound 
helically about it which during the 
application of torsion or tension to the 
hose is wound up, or has its helix angle 



reduced, so as to constrict the hose. In 
the embodiment shown, hose length 16 
is subjected to torsion as two rafts 10 
and 1 1 pivot about an axis x due to 
wave movements, but in an alternative 
embodiment a hose length transverse 
to axis X is subject to tension. In 
another embodiment one end of the 
pump 16 is moored to the sea bed or a 
submerged platform while its top end 
is secured to a biioy which moves up 
and down with the waves. 
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SPECIFICATION 

IMPROVEMENTS RELATING TO PUMPING 

This invention relates to a pump particularly, 
although not exclusively, suitable for inclusion in 
5 wave energy conversion apparatus. 

In accordance with the present invention there 
is provided a pump comprising a length of hose, 
end closures to which opposite ends of the hose 
are connected in a fluid-tight manner, fluid inlet 
10 and outlet means communicating with the hose 
interior and means for producing relative 
movement between the end closures so as to vary 
the internal volume of the hose, wherein the hose 
is reinforced by a substantially inextensible rein- 
1 5 forcement wound helically about the hose and 
arranged so that when the end closures are 
relatively moved to reduce the internal volume of 
the hose fluid within the hose is subject to a con- 
stricting action of the reinforcement on the hose. 
20 The reinforcement preferably comprises a 
multi-filament strand or parallel multi-filament 
strands of high modulus material, for example a 
Youngs Modulus of at least 1 x 10^ lb jn^ Examples 
if suitable strand material are steel, nylon, cotton, 
25 polyester, glass fibre or Kevlar. The reinforcement 
may be constituted by a weftless cord fabric layer, 
i.e. one having in the weft direction only a few 
threads interwoven with the warp cords to 
facilitate handling. 
30 The reinforcement is preferably secured at 
opposite ends thereof to the end closures and may 
be united to the hose. The hose length may be of 
resilient material in which the reinforcement is 
embedded. 

35 The pump is advantageously incorporated in 
wave energy conversion apparatus comprising two 
interconnected members adapted to undergo 
relative movement under the influence of waves in 
water in which the members are placed, the length 

40 of hose being connected at its opposite ends to the 
respective members so as to be distorted and 
relaxed in response to relative movement of the 
members, and water inlet and outlet means being 
provided communicating within the interior of the 

45 hose length and controlled by respective non- 
return valves.the arrangement being such that the 
internal volume of the hose length varies as it is 
distorted and relaxed and such that when the hose 
length is relaxed it will tend to draw ^later through 

50 the inlet, the outlet being closed by the non-return 
valve therein, and when the hose length is 
distorted it will tend to expel water from its 
interior through the outlet, the inlet being closed 
by the non-return valve therein. 

55 Said members may be flotation members which 
are hinged together for relative angular movement 
under the influence of waves in water in which 
they float and the hose length may have fluid-tight 
end closures fast with the respective flotation 

60 members, at least one of which end closures is 
penetrated by said inlet and outlet means. In this 
arrangement the hose length and the end closures 
mav he .^iihst^nHflllv coaxial with said hinee. the 



arrangement being such that relative angular 
65 movements of said members twist and untwist the 
hose length. 

In such constructions in which the hose length is 
to be subject to torsional forces the reinforcement 
is preferably an unbalanced reinforcement 

70 arranged to be wound up to constrict the hose 
length in the pumping mode of operation of the 
pump. By an "unbalanced" reinforcement is 
meant one which consists of strand wound in one 
sense only about the hose, so that there is no 

75 opposite helix which will undergo an opposite 
twist. 

The unwinding of the unbalanced reinforcement 
during the suction mode of operation of the pump 
tends to increase the internal volume of the hose 
80 length and is not opposed by an oppositely wound 
strand. 

In arrangements in which the hose is subjected 
to torsion the unbalanced reinforcement 
preferably has a helix angle in the unstressed 

85 condition of the hose in the range 40** — 60** and 
preferably in the region of 55^*44' . By the "helix 
angle" of a reinforcement is meant the acute angle 
formed between a tangent to the helix and its axis. 
Alternatively the hose length may be arranged 

90 transverse to and spaced from the axis of said 
hinge, the arrangement being such that relative 
angular movement of said members causes 
longitudinal tensioning and relaxation of the hose 
length. 

95 In yet another embodiment of the invention one 
of said members may be of greater buoyancy than 
the other or one of said members may be buoyant 
in water and the other adapted to lie upon or be 
flxed to ground beneath water in which the 
100 apparatus is placed, so that relative movement 
between said members caused by waves will cause 
tensioning and relaxation of the hose length. 

In arrangements such as those of the two 
preceding paragraphs in which the hose is 
105 subjected to tension but not torsion the 

reinforcement is preferably a balanced structure 
comprising strands oppositely helically wound 
about the hose length, the arrangement being such 
that the helix angle of each strand is reduced when 
1 10 the hose is tensioned so that the strand applies a 
constricting force to the hose. During relaxation of 
the hose length the tendency of the oppositely 
wound strands to return to equilibrium helix angles 
is utilised to tend radially to expand the hose 
1 1 5 length and increase its internal volume. In 

balanced reinforcement structures the helix angle 
of each strand is preferably less than 50° and is 
preferably in the range 15'*— 50°, 
Preferred embodiments of the invention will 
1 20 now be described with reference to the 

accompanying diagrammatic drawings, in which: 
Figures 1 and 2 are plan views of two different 
forms of pump applied to similar wave energy 
conversion apparatus, and 
125 Figure 3 is an elevation of athird embodiment of 
the invention. 

The wave energy conversion apparatus 
illustrated in Figure 1 comprises two flotation 



2 



GB 2 002 052 A 2 



members or rafts 10 and 1 1 which are pivotally 
interconnected for relative angular movement 
about the axis x by suitable bearings (not shown) 
passing between adjacent arms 12 and 13 and 14 
5 and 1 5 of the rafts. The rafts 10 and 1 1 are shown 
only in part and not in detail as tlieir precise 
cot^guration is immaterial to the present 
invention.lt is believed sufficient to say that they 
are designed to float in the water and maintain an 

10 upright attitude in which their surfaces which are 
visible in the drawing.are approximately parallel 
with the surface of the water and the axis x is 
approximately horizontal. The dimensions of the 
rafts are adapted to the size of wave which they are 

15 expected to encounter in use, the intention being 
that waves moving relative to the rafts in a 
direction transverse to the axis x will hinge the 
rafts about the axis x as it rises and falls between 
troughs and crests of the waves. In accordance 

20 with the present invention a length of hose 16 
extends between arm 13 on the raft 11 and arm 14 
of the raft 10. The hose makes a water-tight seal 
with end closures 17 and 18 which are fast 
respectively with arm 13 and arm 14, the effect of 

25 this arrangement being that as the rafts 10 and 1 1 
move angularly relative to one another about axis 
X the hose 16, which is generally coaxial therewith, 
" is subject to torsion forces through the counter- 
rotation of its ends. Twisting of the hose 16 

30 decreases and untwisting increases its internal 
volume and in accordance with the invention this 
variation of the internal volume of the hose length 
16 is used to pump water through it. To achieve 
this the end closure 18 is penetrated by an inlet 19 

35 controlled by a non-return valve 20 and the end 
closure 17 is penetrated by an outlet 21 which is 
controlled by a non-return valve 22. A flexible pipe 
23 communicates the inlet 19 with a weighted and 
filtered intake opening 24 and a flexible pipe 25 

40 communicates the outlet 2 1 with a reservoir (not 
shown) for the pumped water, in the illustrated 
embodiment via a main hydraulic pipeline 26 
which is suitably also flexible . 
The pipeline 26 is used to interconnect the 

45 outlet 2 1 of the apparatus shown with other, 
similar apparatus (not shown) discharging to the 
same reservoir. For example the two rafts shown 
may form part of a linearly-extended series of 
articulated rafts by pivotally connecting another 

50 raft to the end of one or both of the rafts LO and 1 1 
which is not visible in the drawing, so that the 
parallel pumps of the series discharge to the same 
pipeline 26. The arrangement shown, or the 
series just described, can also be combined 

55 with other, non-parallel arrangements or 
series discharging to the same reservoir. 
For different pairs of rafts to have their 
axes of mutual articulation non-parallel will 
provide the advantage that at least one pump will 

60 operate in whatever direction a wave approaches 
the rafts. 

Water collected in the reservoir can be used to 
power a hydro-electric installation the output of 
which can in turn be used to electrolyse water to 
65 produce hydrogen and other elements, especially 



from sea water. 

In accordance with a preferred feature of the 
invention the length of hose 16 is of resilient 
material j such as rubber; and has an unbajanced 

70 reinforcement 27 in the form of a strand, or 
parallel strands, of inextensible material such as 
steel, nylon, cotton, polyester or glass fibre wound 
helically about the hose 16. A reinforcement in the 
form of parallel strands may be provided by a weft- 

75 less cord fabric layer in which the warp strands are 
held together by a few interwoven weft threads for 
ease of handling. The reinforcement 27 is secured 
at opposite ends of the hose to the end closures 17 
and 18 and may be embedded in or otherwise 

go secured to the hose length intermediate its ends . 
The reinforcement 27 is "unbalanced" in the sense 
that the helix, or the parallel helices, are wound 
about the hose 16 in one sense only, such that the 
helix is wound up to constrict the hose when the 

35 hose is twisted and is unwound as the hose 
untwists. During untwisting of the hose the 
unwinding reinforcement will tend to expand the 
hose. It may not exert a strong expansion force on 
the hose, but it should be borne in mind that in the 

90 suction mode of operation of the pump it lifts 
water only a short distance, the pump 16 being 
close to the water level, so that no great suction is 
requu-ed. In the pumping mode of operation, on 
the other hand, the inextensible reinforcement 27 

95 positively constricts the hose 16 and prevents it 
from expanding, so that high pumping forces are 
exerted on water in the hose capable of passing it 
along what may be a lengthy pipeline 26 to a 
reservoir which may be at a greater elevation 
100 above the pump 1 6 that the latter is above the 
water level. 

The preferred helix angle a of the reinforcement 
27 in the embodiment of Figure 1 is 55**44', or at 
least in the range 40^ — 60°, to ensure an adequate 
1 05 constricting action and little resistance to 
unwinding. 

In the alternative embodiment of the invendon 
shown in Figure 2, a plurality of parallel hose 
lengths 16A are arranged transversely to and 

1 10 spaced from the axis x about which two rafts lOA 
. and 1 1 A are pivotally interconnected. The rafts 
lOA and 1 1 A resemble the rafts 10 and 1 1 of 
Figure 1 except that their adjacent sides have 
upstanding formations 28 and 29 between which 

115 the hose lengths 1 6 A extend, the opposite ends of 
each hose length 1 6 A having water-tight end 
closures 17A and 18A which are pivotally 
connected to the respective formations 28 and 29 
by trunnions 30 freely rotatable in the formations 

1 20 28 and 29, so that relative angular movement of the 
rafts lOA and 1 1 A while it wiU extend or relax the 
hoses 16A longitudinally will not cause them to 
bend or kink. 
Within the trunnions 30 associated with each hose 

1 25 length 1 6 A are non-return valves 20A and 22 A 
which control passages 19A and 21 A respectively 
penetrating the end closures 17A.and 18A and 
placing the interior of each hose length 16A in 
conmiunication, respectively, with a common inlet 

1 30 line 23 A and a common discharge line 26A« The 
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common inlet line 23 A has a weighted and filtered 
intake opening (not shown) arranged to sink 
alongside the rafts into the water in which they 
float, and the common discharge line 26A is 
5 arranged to supply a reservoir (not shown) for the 70 
pumped water, serving as an energy storage 
device. The discharge line 26A may, of course, be 
inter-connected with corresponding discharge 
lines (not shown) at the junctions of other rafts 
1 0 mutually pivotted about axes parallel or trans- 75 
verse to the axis x 

Unlike the hose length 16 in Figure 1 , each hose 
length 16A in Figure 2 has a balanced 
reinforcement structure 31 consisting of at least 
1 5 two strands of inextensible material oppositely 80 
helically wound about the hose 16 A. If the 
reinforcement 31 comprises parallel strands the 
helices wound about the hose in one sense are 
preferably balanced by an equal number of helices 

20 wound about the hose in the other sense. The helix 85 
angle p of the strands wound about the hose 16A in 
both senses is less than 50**, in the range 1 S"*— 50". 

The effect of this arrangement is that angular 
movement of the rafts lOA and 1 lA about the axis 

25 ;c alternately stretches and relaxes the hose length 90 
16A longitudinally, thereby reducing and 
increasing their internal volumes. The tendency of 
each hose length to expand as it is relaxed, which is 
promoted by the tendency of the helices of the 

30 reinforcement 3 1 to return toward equilibrium 95 
helix angles, causes the non-return valves 22A to 
close and the non-return valves 20A to open and 
water to be sucked into the hoses from the line 
23A. When the hoses 16A are extended the helix 

35 angle /J of each reinforcement strand is reduced 100 
causing it to exert a constricting action on the 
associated hose and helping to pump water out of 
the hose to the discharge line 26A, the non-return 
valves 20A closing and the non-return valves 22A 

40 opening. ^ 105 

In the embodiment of the invention shown in 
Figure 3 a pump 16A is used similar to one of those 
used in the embodiment of Figure 2, i.e. a length of 
hose of resilient material reinforced by a balanced 

45 reinforcement structure comprising oppositely 1 10 
wound strands of inextensible material each 
having a helix angle ^. However the rafts 10, 1 1 or 
lOA, U A are dispensed with and the hose length 
16A has integral end closures 17B and 18B 

50 penetrated laterally by inlet and outlet passages 

19B and 21 B controlled by respective non-return 1 1 5 
valves (not shown), the arrangement being such 
that when the hose length is longitudinally extended 
the non-return valve in the inlet 19B closes and that 

55 in the outlet 21 B opens so that water in the hose can 
be expelled through the outlet 21B, whereas when 120 
the hose length 16A is relaxed the non-return valve 
in the outlet 21 B closes and that in the inlet 19B 
opens so that water is sucked in through the inlet 

60 19B. In this embodiment the inlet 19B is below the 
water level, so that a sinker is unnecessary. The 125 
outlet 21 B may be interconnected with the outlets 
of other pumps (not shown) of the same or other 
types arranged nearby to supply a common 

65 reservoir (not shown) above the water level serving 



as an energy storage means. 

The pumping action is imparted to the hose 
length 16A in the embodiment of Figure 3 by 
relative movement between members 32 and 33 
under the influence of waves 34 in water 35 in 
which the pump 16A is submerged. The member 
32 is a buoy designed to float at or near the surface 
of the water so as to rise and fall with the waves. In 
relatively shallow water the member 33 maybe 
simply a mooring anchored or weighted 
sufficiently to keep it on the bed of the sea or lake 
in which the pump is placed, or in relatively deep 
waters where mooring to the bottom would not be 
practicable the member 33 may be connected to a 
submerged platform 36 of sufficient weight to 
resist being lifted by the action of the buoy. The 
horizontal area of the platform 36 may be 
extended to increase its resistance to displacement 
in water so that its weight need not be excessive. 

The buoy 32 is connected to the end closure 1 7B 
by a line 37 and the member 33 is connected to the 
end closure 1 8B by a line 38. To prevent over- 
extension of the hose length 16 A if the buoy 32 
tends to rise and fall a distance greater than the 
designed extensibility of the pump, (currently 
estimated as 10% of its length in the unstressed 
condition) the end closures 17B, 18B are 
interconnected by an inextensible hawser, chain or 
the like 39 within the hose length 16A which is 10% 
longer than the unstressed hose length. (Similar 
provision may be made to prevent over extension 
of each pump 16A in the embodiment of Figure 2). 

For the reinforcements 27 or 3 1 to exert a 
constricting force on the associated hose lengths 
16. 16A it is clearly inessential that they should be 
embedded in or otherwise united to the hose 
lengths intermediate the end closures 17, 18, 17A, 
18A or 17B, 18B. The increase of internal volume 
of the hose length during the suction mode of 
operation of the pump may be solely due to the 
self-restoring properties of the hose material, or it 
may be assisted by an internal spring, suitably a 
coil spring. In the case of the tension pumps of 
Figures 2 and 3 the reinforcements 31 may take the 
form of a braided sleeve surrounding but not 
attached to the hose length 16A intermediate the 
end closures 17A, 18Aor 17B, 18B. 

CLAIMS 

1 . A pump comprising a length of hose, end 
closures to which opposite ends of the hose are 
connected in a fluid tight manner, fluid inlet and 
outlet means communicating with the hose interior 
and means for producing relative movement 
between the end closures so as to vary the internal 
volume of the hose, wherein the hose is reinforced 
by a substantially inextensible reinforcement 
wound helically about the hose and arranged so 
that when the end closures are relatively moved to 
reduce the internal volume of the hose fluid within 
the hose is subject to a constricting action of the 
reinforcement on the hose. 

2. A pump as claimed in claim 1 wherein the 
reinforcement comprises a strand or parallel 
strands of mono- or multi-filament material of high 
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modulus. 

3. A pump as claimed in claim 2 wherein the 
reinforcement comprises a weft-less cord fabric 
layer. 

5 4. A pump as claimed in claim 2 or claim 3 , 
wherein the reinforcement is secured at opposite 
ends thereof to the end closures. 

S. A pump as claimed in any one of claims 2—4 
wherein the reinforcement is united to the hose. 

10 6. A pump as claimed in claim 5 wherein the 
hose length is of resilient material in which the 
reinforcement is embedded. 

7. A pump as claimed in any preceding claim 
incorporated in wave energy conversion apparatus 

15 comprising two interconnected members adapted 
to undergo relative movement under the influence 
of waves in water in which the members are 
placed, the length of hose being connected at its 
opposite ends to the respective members so as to 

20 be distorted and relaxed in response to relative 
movement of the members, and water inlet and 
outlet means being provided communicating with 
the interior of the hose length and controlled by 
respective non-return valves, the arrangement 

25 being such that the internal volume of the hose 
length varies as it is distorted and relaxed and such 
that when the hose length is relaxed it will tend to 
draw water through the inlet, the outlet being 
closed by the non-return valve therein, and when 

30 the hose length is distorted it will tend to expel 
water from its interior through the outlet, the inlet 
being closed by the non-return valve therein. 

8. Apparatus as claimed in claim 7 wherein said 
members are flotation members which are hinged 

35 together for relative angular movement under the 
influence of waves in water in which they float and 
wherein the hose length has fluid tight end closures 
fast with the respective flotation members at least 
one of which end closures is penetrated by said 

40 inlet and outlet means. 

9. Apparatus as claimed in claim 8 wherein the 
hose length and the end closures are substantially 
coaxial with said hinge, the arrangement being 
such that relative angular movements of said 

45 members twist and untwist the hose length. 

10. Apparatus as claimed in claim 9 wherein the 
reinforcement is an unbalanced reinforcement 
arranged to be wound up to constrict the hose 
length in the pumping mode of operation of the 

50 pump. 

1 1 . Apparatus as claimed in claim 10 wherein 
unwindmg of the remforcement during the suction 



mode of operation of the pump tends to increase 
the internal volume of the hose length. 
55 12. Apparatus as claimed in claim 10 or claim 1 1 

iirkA.*AtM f Ua ^^:^c^^^^^^^4. 
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unstressed condition of the hose is in the range 

13. Apparatus as claimed in claim 12, wherein 
60 the helix angle of the reinforcement is in the region 

of 55^ 44'. 

14. Apparatus as claimed in 8 wherein the hose 
length is arranged transverse to and spaced from the 
axis of said hinge, the arrangement being such that 

65 relative angular movement of said members causes 
longitudinal tensioning and relaxation of the hose 
length. 

15. Apparatus as claimed in claim 7 wherein one 
of said members is of greater buoyancy than the 

70 other, so that relative movement between said 
members caused by the greater influence of waves 
on the more buoyant member causes tensioning 
and relaxation of the hose length. 

16. Apparatus as claimed in claim 7 wherein one 
75 of said members is buoyant in water and the other 

is adapted to lie upon or be fixed to ground 
beneath water in which the apparatus is placed so 
that relative movement between said members 
caused by waves will cause tensioning and 
80 relaxation of the hose length. 

17. Apparatus as claimed in any one of claims 
14 — 16 wherein the reinforcement is a balanced 
structure comprising strands oppositely helically 
wound about the hose length the arrangement 

85 being such that the helix angle of each strand is 
reduced when the hose is tensioned so that the 
strand applies a constricting force to the hose. 

18. Apparatus as claimed in claim 17 wherein 
the heUx angle of each strand in the unstressed 

90 condition of the hose is in the range 15**— 50**. 

19. Apparatus as claimed in claim 1 8 wherein 
durmg relaxation of the hose length the tendency 
of the oppositely wound strands to return to 
equilibrium helix angles is utilised to tend radially 

95 to expand the hose length and increase its internal 
volume, 

20. A pump substantially as hereinbefore 
described with reference to and as fllustrated in 
Figure 1, Rgure 2 or Figure 3 of the accompanying 

100 drawings. 

21. Wave energy conversion apparatus 
substantially as hereinbefore described with 
reference to and as illustrated in Figure 1 , Figure 2 
or Figure 3 of the accompanying drawings. 
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